Abstract. The Kuye River basin is the first-order tributary of the middle Yellow River, water resources are important for the environment and development in this region. Since 1960s, runoff of the Kuye River basin has been dramatically decreased and the river basin has been facing serious water resources problems. In this study, we found that annual precipitation and different level precipitation had no significant change trend from 1966 to 2012, the runoff and sediment discharge had a significant decrease trend for the same period. There was an abrupt change for runoff in 1998 and for sediment discharge in 1999.The relationships between runoff, sediment discharge and precipitation had been changed obviously for the two periods, before and after the runoff transition point. For the later period, there was much less runoff or sediment discharge according to the observed data under the same precipitation, the runoff or sediment discharge was not sensitive to precipitation change. Precipitation is not the main cause of runoff and sediment discharge change, buthuman activities were responsible for runoff and sediment discharge decrease.
Introduction
Since 1960s, with the continuous increasing population, and developing of industry and agriculture, the effects of water-related human activities on hydrology have been intensified in recent year. With the intensifying human activities and climate variability, runoff of the Kuye River basin has been dramatically decreased and the river basin has been facing serious water resources problems. Attempts have been made to understand the long-term changes of runoff and sediment discharge [1] [2] [3] . Many previous studies have addressed the amount changes of precipitation [2] [3] . However, the precipitation intensity and different precipitation level have great effect on rainfall runoff relationship and the sediment yield amount, it is essential to investigate the response of runoff and sediment discharge to the variation of different precipitation level in this study.
Study Area and Data

Study Area
The Kuye River basin is the first-order tributary of the middle Yellow River (Fig.1) . It originates in the Bading Gully in Inner Mongolia, flows eastward through Ejin Horo Banner, Fugu County and Shenmu County, and joins the Yellow River at Wenjiachuan in Shaanxi Province. It is located between 109°30'~111°6'E and 38°12'~39°48'N, covering an area of approximately 8,706 km 2 . The length of main stream is 242 km. The whole basin is located in the Eastern-Asia Monsoon climate zone, and the northern part of the basin is generally arid area, and the southern part is semiaridarea.
Soil erosion is a severe in this area, and it also is the main coarse sediment source of Yellow River. Annual precipitation increases from northwest to southeast, and the area-averaged mean annual precipitation over the basin is 379.2 mm from 1966 to 2012, while the rainfall from June to September accounts for 75% ~ 81% of the annual precipitation. 
Data
The data used in this study includes daily precipitation series of 14 rain gauge and national standard meteorological stations and runoff data series of Wenjiachuan hydrological station from 1966 to 2012, the rainfall data of national standard meteorological stations provided by the National Meteorological Information Center, China Meteorological Administration, all other data is obtained from water year book. The runoff data was transformed to millimeter (mm) to compare with the precipitation. The quality of the meteorological dataset and hydrological dataset were firmly controlled before their release. The arithmetic average method was used to determine the average precipitation in the Kuye River Basin.
Because most rainfall does not result in runoff or sediment yield in the Loess Plateau [4] , annual rainfall with daily rainfall of more than 10mm, 25mm and 50mmwas counted for each hydrological station control area, expressed asP 10 , P 25 , P 50 , respectively, with a unit measure of mm.
Methodology
To analyze the trend and test its significance for annual precipitation, potential evapotranspiration and runoff series, the non-parametric Mann-Kendall (MK) rank statistic method [5] [6] was applied. The Mann-Kendall test is suggested by the World Meteorological Organization, and has been widely used as an effective tool for analyzing the trends in meteorological and hydrological variables, such as water quality, temperature and precipitation [7] . The moving t-test (MTT) has been widely applied to detect climate abrupt change events [8] . The moving t-test detects climate jumps in a series by assessing whether the differences between means of two subsamples are significant or not.
Results
Trend and Change-Point Analyses of Precipitation
In arid and semi-arid regions, runoff is more sensitive to climate variability, thus only a small change in precipitation and potential evapotranspiration would result in a high percent change in runoff. Examining the long-term trends of meteorological processes can help understand the potential impact of climate variability on runoff. The long-term trend of annual precipitation in 1966-2012 was detected using the nonparametric Mann-Kendall test, and moving t-test was used for detecting the transition point. The time series of annual precipitation (P), P 10 , P 25 and P 50 in the Kuye River basin were shown in Fig. 2 . None of the annual precipitation, P 10 , P 25 and P 50 had obvious changing trend, and there was no obvious transition point for precipitation data series (Table 1 ). 
Trend and Change-Point Analyses of Runoff and Sediment Discharge
In the Kuye River basin, both of the runoff and sediment discharge showed significant decreasing trends (Fig. 3) , and they were significant at the 0.001 significance level ( Table 1 ).The moving t-test showed one distinct transition point, 1998, was found for runoff and the transition point for sediment discharge is 1999 ( Table 1) . As shown in table 2, compared with the period before the runoff transition point, the annual precipitation, runoff and sediment discharge in the Kuye River basin decreased by 0.05%, 70.96%, and 95.86%, respectively. The changing rates of runoff and sediment discharge were much larger than that of annual precipitation. 
Response of Watershed Runoff and Sediment Discharge to Precipitation Change
As shown in Figure 4 , the relationship between runoff and precipitation had been changed obviously for the periods before and after the runoff transition point. Runoff increased obviously year with an increase in annual precipitation for the period from 1966 to 1998; however, runoff was not sensitive to precipitation for the period from 1999 to 2012. For the same condition of precipitation, runoff was much smaller for the later period than that for the period before the runoff transition point. The significant reduction in runoff was not primarily due to the change of precipitation, it mainly caused by human activities, such as the construction of reservoirs, check dams, terraces, restoration and reconstruction of vegetation, groundwater exploitation and coal mining.
In order to find a more sensitive rainfall factor to sediment discharge, rainfall indexes of annual precipitation, P 10 , P 25 , P 50 were selected and the Pearson correlation coefficient between them was shown in table 3. From table 3, the sediment discharge had the highest correlation coefficient with P 25 , and the correlation was significant at the 0.01 level, so the relationships between P 25 and sediment discharge for different periods before and after the runoff transition point were plotted in Figure 5 . The relationship between sediment discharge and P 25 had the same change as the relationship between runoff and precipitation. With the same rainfall amount, the sediment discharge for the later period was dramatically decreased as compared to the period from 1966 to 1998. From 1999 to 2012, when the P 25 varied from 20.9 mm to 254.8 mm, there was only a very little variance in sediment discharge, so the sediment discharge was not sensitive to precipitation change. This also can be seen from the changes of precipitation, runoff and sediment discharge of different periods shown in table 2. Precipitation just decreased by 0.05%, but there was a dramatic decrease in runoff and sediment discharge, which decreased by 70.96% and 95.86%, respectively. Precipitation is not the main cause of sediment discharge change, and the main cause is human activities too. 
Conclusions
In this study, we analyzed the long-term change and transition point of precipitation, runoff and sediment discharge in the Kuye River basin from 1960 to 2008 with the method of the nonparametric Mann-Kendall test and moving t-test. The response of runoff and sediment discharge to precipitation was then analyzed. The following conclusions can be drawn from this study.
(1) Annual precipitation, P 10 , P 25 , P 50 showed no significant change trend from 1966 to 2012, while runoff and sediment discharge decreased obviously for the same period. Through moving t-test, an abrupt change is detected to have occurred in 1998 for runoff and in 1999 for sediment discharge. (2) The relationship between runoff and annual precipitation and that between sediment discharge and P 25 had been changed obviously for the two periods, before and after the runoff transition point. For the later period, with the same amount of precipitation, there was much less runoff or sediment discharge according to the observed data, and runoff or sediment discharge was not sensitive to precipitation change.
(3) Precipitation is not the main cause of runoff and sediment discharge change, and the main cause is human activities.
